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This review covers the motivation, project plan, and Year 3 progress on our UTSR-supported 
project

Approach: push polymer-derived ceramics development through additive 
manufacturing engineering, polymer science, part design, and performance verification

Motivation: enable superalloy-like cooling features in CMC-like materials to enable 
higher temperature operation

Project plan: execute simultaneous materials/design/process engineering to regularly 
produce vane test articles

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12

1.1 -- Update project management plan, assess 

risk, assess project resources

1.2 -- Planning meetings/monthly 

teleconferences

2.1 -- Design of a baseline vane geometry

2.2 ï Process characterization and fabrication of 

baseline vane geometry 

2.3 -- Aerothermal testing of baseline vane 

3.1 -- Topology and morphology optimization for 

enhanced mechanical resilience 

3.2 -- Topology and morphology optimization for 

cooling design 

3.3 -- Coupled cooling and resilience optimization 

for vane design 

4.1 ï Develop new precursor resins for 

advanced matrices

4.2 ï Characterization of materials in composites 

and during pyrolysis 

Task 4 ï Precursor Development and Optimization of New Resins for SiC Matrix

Year 1 Year 2 Year 3

Task 1 - Project Management and Planning

Task 2 ï Fabrication and Testing of SiOC/SiC Prototype Vane 

Task 3 ï Modeling and Optimization of CMC Turbine Vane Designs

Current progress
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To achieve DOE firing temperature targets and push higher thermodynamic efficiency, even 
advanced CMC materials will require some cooling

Klocke, et al., CIRP Annals, 2014

DOE FE Goal: 

TIT=3100°F (1700°C)

https://technology.nasa.gov/patent/LEW-TOPS-25 

https://ntrs.nasa.gov/search.jsp?R=20160010285 2019-02-

28T01:25:33+00:00Z

Binder-jet CMC with pass-through cooling

Melt-infiltrated woven CMC

Project goal: enable complex cooling features in CMC-like materials for 

realistic shapes and confirm cooling benefit



Dr. Ray Fertig

Our approach is to develop novel chemistries and manufacturing processes, coupled with 
design optimization, to create internally cooled ceramic vanes that can be tested 

~6.5 cm~13 cm

Dr. Carl Frick

Starfire 877

Dr. Steve LynchDr. Mike Hickner

SLA printing Pre-ceramic part Pyrolysis Post-pyrolysis ceramic

Resin
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The project has five technical tasks that address process engineering, material development, 
modeling, and validation of cooling technologies

Task 1: Project management
Success criteria: Project Coordinator delivers all required reports to NETL

Task 2: Design, fabrication, and testing of SiOC/SiC baseline vane
Success criteria: project team is able to obtain surface temperatures on baseline SiOC/SiC internally cooled vane test articles 

tested in the transonic cascade at Penn State

Task 3: Modeling and optimization of ceramic turbine vane designs
Success criteria: mechanical and thermal stresses reduced by 10% from baseline to optimized; increase overall cooling 

effectiveness by 0.05 relative to baseline

Task 4: Development of new precursor chemistries
Success criteria: demonstrate that new precursors have equivalent or better material properties than baseline formulation

Task 5: Integrate new precursor chemistries into AM process
Success criteria: project team is able to deliver a baseline vane part for transonic cascade testing using new chemistry

Task 6: Fabricate and test optimized vanes with new chemistries
Success criteria: project team obtains surface temperatures on optimized AM vane and shows overall cooling effectiveness 

increase relative to baseline
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10.5ò

1.62ò

Task 2.1: Fabrication, assembly, and testing procedures for AM fabricated ceramic vanes have 
ōŜŜƴ ŘŜǾŜƭƻǇŜŘ ŦƻǊ tŜƴƴ {ǘŀǘŜΩǎ ƘƛƎƘ ǎǇŜŜŘ ƭƛƴŜŀǊ ŎŀǎŎŀŘŜ

Calibration vane with spatial markers visible in IRLinear cascade and test hardware (1st stage vane, NASA C3X)

AM ceramic test insert

AM-fabricated 

coolant routing

Coolant



Task 2.1: The aerodynamics of the high speed cascade were benchmarked, and a novel total 
pressure measurement technique using PIV was developed for aerodynamic characterization

Total pressure fieldMeasured velocity fields

From measured 

velocity fields (PIV)

Momentum equation 
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Task 2.2: New baseline resin formulations were developed with more pyrolysis success in the 
feature size range of interest

Prior formulation: 

1:2 wt% VMS:PEGDA

New formulation: 

3:4 wt% VMS:PEGDA

8



Task 2.2: Creation of a new post-processing procedure for green bodies resulted in even higher 
survivability and ultimate bending stress of over 100 MPa for test bars
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Task 2.2: The resulting process improvements were able to generate airfoils with good 
dimensional tolerance and high survivability in pyrolysis 
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Green part

~6.5 cm~13 cm

Post-pyrolysis


